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INTRODUCTION

This report is the first of a serles of suminary reparts
on Project SQUID. Specifically, the scape of this
report inclndes all work accomplished from Jmiee 10,
1948, the dute am which Camell Acronantical
Laboratory was formally antharized to begin work
on Project SQUID, ta Jamary L FHT. The wark
was antharized under Contract Nao NGari-1H), Task
Order No. L

All work on Praject SQUID at Carnell Acro-
nantical Labaratory has heen carried ant nider
three phase assignments,

Phare 1. In connectinn with palsating jet engines:
to undertuke thearetical und wind tinel investiga-
tions on flows and losses in dilfnser inlets, diffusers,

PULSE JET

An attempt is hetng made ta study the mechanism
of a pulse jet hy means of anatogans physical
phenomena. By introducing concepts From other
fields, new .lpprmdu-s ta the problem may snggrest
themselves, and it should also he passibke ta carry
out model experiments which penmit the stindy of
the lnflucuce of various parameters iv
than by workiug with actial jets, I arder ta gain
confidence in these methods, a start shanld be made
with the investigation of camparatively simple prob-
lems whiere samie check an the results is possible.
This program is still in i very cary stage. At lirst
the electrical analogy was stidied. 1lere, gas How
In pipes is caompared with flow of clectricity in
transimission lines, Hlowever, while the aconstical
case can very well he represented hy a correspod-
Ing linear clectrical svstem, no way has beed fomnd
ta represent the gas pscillations of large amplitudes
which acenr ina jet hy a carresponding non-livear
electrical system. No hivther work an this analogy
is being dooe at the present time, The other ap-
proach which is being cansidered is the mmalogy of
pressure waves ina gas How and snrface gravity
wives inan open water chammiel. Within cortuin
limitatians, this andagy is very far reacling and it
is haped that vahiable information will be astanned
by this method,

In thearctical investgations of the pnlse jot by

intake valves, exhaust nozzles, and thrust-augment-
ing ducts far snbsonic and supersonic pulsating
jots.

Phase 2. In cannectian with pnlsating jet engines:
ta study the theary af combustion, the effect of
tivlmlence an Hame propagation and coaling, and
te verify and angment existing thearies hy means
of experimental investigation of ignition, combns-
tion, fate holding, Hame prapagation, and cooling,

Phase 3. In canection with palsuting jet engines:
ta mdentake esperimental investigatian of tempera-
ture and Fatigne-resistant materials for intake valves
il coutings and of fahrication methods and tech-
uiguies ta caver said material,

THEORY

N. P, Bailey il 1L A, Wilsan, the conclusion is
drawae that a shortening of the combnstion time
waitkl resnlt in 0 comsiderable improvement of ¢
petfornimee. An arhitrary fmietian far the rise of
tenmperatnre was assnmexk, and the cambustian tine
was defined as that time in which temperatiure of
the himing gas reaches 95 per cent of the maximinn
temperature, The theary is in fairly god agree-
ment with experiments if o cambmstion time of about
0.020 see. iy assimed. The resilts of the theory were
amalyzed to find whether there was uny ophmnm
camlmstian time to produce masiminm thrst. This
wis fomd ta he ahant 00025 sec., and the thmst
developed was then ahant three times as large as
with present cambnstion times. This maximnm is
not very sharp, so thit the aptimam time does nat
appaay to be very eritical. hr view of the simplifying
assmptions of the theary (ndfarm temperatire

ssire rise thromghout the whole cammbnstion
clmber, assmmption of constant bnlk maochilng of
clasticity. whicl is actmally propartional ta pres-
sire, avhitrary delinition of temperature rise, and
cambastion time), the actial mmerical vahies have
only Yimited siguiliciiee, bnt the general conehision
wright hakd thiat @ very cansiderahle improvement of
pedomunmcee may be expected i the combnstion
tiwwe can be redneed to a Traction—perhaps one-
cighth—af the present vahies,

AERODYNAMIC STUDIES

Twa-dimensional diffuser models have been tested
in the Cornell Acromantical Labaratary supersonic

wind tamel at a Mach immber of 1.7, ind sehlicren
phatggraphs hine been wade of the shock pattern
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as shown in Figore L. Static and staguation pressure
measorements have also been inade at various points
of the duct. Experimentation has been started, on
the smne dilfusers, employing fluctuating buck pres-
sore to simulate the condition of intermittent com-
bustion. A botterfly valve at the outlet is being nsed
to obtain pressore floctuations of the desired fre-
quency and amplitode. Au attempt has been made
ta smprove the techuique for bigh speed wotion
pictore recording of the shock pattern 5u the
nusteady-low condition.

Plaus are underway ta extend the above experi-
wentation to include a pressure sorvey on the
external sorfuce of the docted body in the unsteady
condition of spill-over with pulsating back pressore.
Meanwbile, two-dimensional sopersonie wind ton-
nel tests have been conducted on blunt and sharp
wedges, simulating the external sorfaces of ducted

Figure 1, Shock pattern in & two-dimensional diffuser at
M=17,

bodies with and without steady spill-over from the
doct entrance. The resolts of these tests indicate
that the effect of steady spill-over s ta increase
the wave drag over most of the external surface,
but ta decrease it in a narrow region around the lip,
Concorrently with the pressure measorepients, schlie-
ren observations have been made wbich reveal the
preseice of a region of intense expausion innmedi-
ately following the detached shock. This expansion
culminates in a second shbock a short distance aft of
the lip as shown in Figure 2.

Figure 2, Shock pattem around a blunt-edged spill-over.
Simulator at M=1.7, i

COMBUSTION STUDIES

An experimeatal investigation has been started ta
detenmive the inlluence of dilferent parameters af-
feeting the velocity of Hlame propagation. The main
aim is ta wvestigate the inlloence of turhulence
under controlled conditious of temperature, air. fnel
ratio, and pressure,

In order ta avercame the diffienltios involved in
contiolling the variaas paruncters in a steady flow,

2

the investigatian is beiigg made in a container filled
with the combustible wisture. This container, ar
cambustion chamber, is nmade of a 2foot-louy, 6-
inch-diamneter pyrex pipe as shown in Figure 3. 1t
is impartant that the pressure in the dunber be
the sane as the ambient pressore in order ta prevent
a sharp drap «r hailding up of pressure wheid the
chamber ends are apened at the time of jguition.
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Figure 3. Pyres colmstion chamber,

This makes it possible tn clise the chamher with
ahmminn foils which break under a static-pressure
diferential of mly alumit 4 mm, 1.0, The chamlier
is partly cvacuated, aml the gasemis fuel is udded
until the pressure is bronght lack ta that of the
surrommling atmosphere. The ammmt of evacuation
is the partial pressure of the fuel in the misture with
the chosen air fuel ratia,

After the misture is introduced, the temperature
may hie liranglhit ta any desired value iy means of re-
frigerating or lieating coils. Far experiments at
pressnres other than :llmlmplu-ri('. it is NCCCSKITY tn
place the comhustiom chambier insicdee a large pres-
surized container. The Carnell Aeromantical Labira-

Figure 4. Cirenit of Ligle tension supply foe the spank

Fignee 5. Maving spark deviee, n

tive armangement of
clectrdies mul mag

tory altitude chamber may e userl as a container
Tor exprrimentation at pressures heluw atmmspheric,
To simulate the flow condition of the misture rela-
tivee ta an dgnitim point, o spark will he moved
aling the chamber at a cantrolled spewl. To elimi-
nate any fhow disturbance which may be cunsed hy
moving lodies nr surfaces in the clanber, the
spark will Tie made ta ocenr hetween twn parallel
clectrndes and will Ine mover] by means of o mag-
nctic field at a right angle to the spark. Figure 4
shiws the electrie cirenit fur the high-tension supply
(where the resistance R is adjnsted tn give optimmn
results) wml Fignre 5 shuws the setap of the vlee-
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Fignre 6. Moving spark devier anet bigh nnsion sopply.

trades and the magnet. A photograph of a maving-
spark device used for prelimiury experimentation
i shown in Figure 6.

A bigh-speed moving picture techuigne for re-
corcting the flone pattern and velueity is heing
perfected. In order to inerease the liminasity of the
flame and permit estremely shart expasnres, a so-
dinm compoand will be intraducsd into the chamber
by hlowing in air throngh a miving chamber con-

iming sneh o compownd  (shown in Figure 3)
hefare intnxbicing the finel into the combuostion
chamber, A sample of a liigh speed matian picture
recording of flame propagatian ts shown in Figure 7,
In this particular experiment, the spark was 1ot
moval and ignition took place at ane end point,

The recorded slope and shape of the flame front
will be nsed to estahlish the flame velocity under
varimis conditions and the vifeat of localized dis-
turbances vpan such velocity.

A program of experiments has been plhaned to
determine means for ohtaining very high velocities
of propagation af lames in tuhes. hn particubar it
is intended ta investigate lanw varions types aof can-
strictions or wall distorbances in the tohe pradnce
very high buming velocities, and to find winther
thise velocities once reached ame ar can be main-
tained, H they cin he maintaiied, the combmstion
tinie in pulsating jits conld he regnlated in this way.

The cxperi tal setop, which is nearly ¢
pleted, is essentially o 2%-inch LD, steel tnhe 12 fect
Ioug. 1t is vrade vp of sectivns 2 fat ng o permit
easy variations of esperimentaly conditions. ‘The
tule will be filled by making both ends airtight,

4

evacuating to a proper estent, and refilling the tnhe
with a gascous fuel to atmaspherie pressure. Befare
igniting the misture with a spark, ane or bath ends
will be apened. Figure 8 Is n phatograph of one of
the end sections, showing the mechanisn which
keeps the tahe cosed until immediately befare lir-
ing. Some of the canstriction rings and spacers are
shawn in front of the tube. It fs intended to use
dilferent sizes and varions mumbers and spacings
far the canstrictors.

The velocity of Hame propagation will be meas-
ured in the follawing way: A number of small gaps
{ubout 1 mm.) between two wires insnlated from
cach ather will he mannted alang the tube. Two of
them are shawn in Figure 8; ane is shown maunted
in narmal position and the other is slmwn dis-
assonhled, Passage of the Hame frant, and resulting
ianization of the gap will he used ta measure the
flame velocity hy incasuring the travel time between
the gaps. The principle of the civenit is shawn fn
Fignre 9. The oscillogruph recurds the voltage across
the gap. As a resnlt of jonization doe o the high
resistance R (ahont 1t Megohms), voltage drops as

s onrrent flows, Pla the gaps parallel to
the ascillograph (instead of in series) has two ad-
vantages, buth of which tund to reduce picknp of
ontside interference:

. One side of the gap can be gnnnded.
. The full oscillator voltage appears across
the gap (before the fame frant reaches it),

and the necessary amplilication at the oseil-
lograph is therelore small.




Figgune 7

. Cambnstion in the pyrex chamber. Stoichometrie ety gas mixhue colured with siclinm and

J)Imlngrnplml wl
3900 frames per secoud, Kodak Super-XX tanchromatic Filim, las £/2. On the second and thir

alumivam foil being blown out,

A mmber of waves show on the sereen, and
whenever the flame reaches a gap, the amplitude
will be greatly reduced becanse of the violtage drop
in K. The frequency of the oscillatar s selected to
provide a suitahle time scale, The oscillograph
uperates I “single sweep” connection. Ignition ol
the gas mixture will start the sweep, and a phatn-
graph is taken of the screen. The method was tested

strip nate the

by rotating an fonization gap in such a manner that
it tonched a lame onee during cach revolution. The
veloeity of the gap conld be ineasired an the oscil -
lograph and compared with the known speed of
revalutian of the driving motar, Good agrecment
af these valnes was abtained,

Experiments were begnn on gas samipling for the
purpose of developing methods for weusuring hoth
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Fignre 8. End s

the amant of heat release in combnstion (in n
given yolme of misture) and the total time ard
vari; 1 with time of snch beat release.

The methol of sanpling under development is
not intended as a snbstitute fur speetrseopic
miethmls. Rather, it is inteuded as a raugh practicat
toal which can he nsed in the evaluation of any
horner or cambustion condition. In order ta develop
acrapnlse devices which are ellicient from  the
chemical shllulpoillt it is tecessary to cantml com-
Tstion conditions so that there is a maximim
amamt of thermal energy released per nnit quan-
tity af fuel during the combustion process, and tn
cantral the heat releasie so that a maximinn throst
(averaged over a cyele) is obtained per imit quan-

m of combustion tube.

tity of fned, The thermal elliciencies  previously
reported for the acrapulse have heen low. Thus the
necessity of a methixl, such as the gas-sampling
method propused, for determining thermal com-
bustian efliciencey becomes phvions. The assnaption
is made in the application of the proposed gas-
sampling inethid that all of the impartant cnergy
lasses which wonld decrease the comlnstion eHi-
ciency can be calenlated frum the gas-sampling
data. In other wards, it is assumed that estremely
istable cambustion intermediate prodncts, snch as
free ralicals. have so short a life thit they react to
form stable products hefore the burned gas leaves
thn: combustiun cliamwher, It is thus assumed that
the reaction of these extremely unstahle pridnes
to form stable poducts during the coaling in the

CATHODPE
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Figure 9. Principal circuit tor
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sampling tnhe wankl canse 1o great error in the
calenlation of enmbustion eHi

Iiteresting results were
catim of heat transfer equ
thrangh a cooled tnbe of small liameter, Appl
of the analogy between Mnid friction and hes
transfer, aml of the equation for fluid friction in
sl tubes, yields the eyuation
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de

=2 4
(#-t) Dp

In which t is the gas temperature, £, the wall
temperature, y the gas viscosity, p gas density.
D tube dinmeter, and @ time. Thos the time of
cooling is independent of the rate of flow and pro-
portional to the square of the diameter. This equa-
tion was solved (with wall temperatore at 100°1,)
for stninless steel tuhing 0.02 inch in dismeter. The
solntion vielded the following time intervals for a
gas with viscosity and density such as GO,

Cooling Ramge. "R

T 1000 1o 3,000
3,000 to 2,000
2,000 to 1,500
1500 to 1.000

Since there were insnlficient data availahle oo the
speeds of the reactions of the oxidation of €, and
H, to determine the extent to which these renctions
wanld ocenr in the time-temperature intervals listed
aliove, experimnental measnrements were attempted.

For this purpose, a tripleawalled sampling tnbe
was fubricateil nsing 0.02-inch LD, stoinless steel
tabiug i the center, with water lowing in the
nmilar spaces surrounding it. While a colder llnid
than water wight have heen nsed as the cooling
wedinm, it is obvions that this wonld not praduee
minieh greater coaling spewd exeept in the finol stages
where reaction rate is prabably negligihle.

Ti wpling tiube hos been tested gualitatively
by withdrawing saples fram a hilnst-lomp e
thnt was enclased in o space surramnded by lire
brick, The fire brick was hented to 3300°F, Signifi-
cant quinitities of C,, 11, d O, were fomd in the
sample,

Thne, Milliscconds
' 115

Quantitative tests are now being tried in which
CO. and H.O are heated to high temperatures.
Samples are then collected and analyzed, and the
results are compared with the ampont of decomposi-
tion calenlated from thennodynamie eqilibirinm
data, But since temperatnres in excess of 3000°F.
are regnired fur this, diffienlty has been enconntered

ting gases to these high temperatnres becanse
of limitotions of mterials. Sl fanaees con-
stneted  from  porceloin emicibles were guickly
Tnsesd,

Tu solve this problem, samples of CO, were
decomposed in an electrie are by passing the gos
slowly thronugb o hole drilled longitudinally thraogh
the axis of a steel negative clectrode. Samples were
withdrawn as the gas passed throngh the are, A
Dictert multi-sonrce power mit supplied a d-c ure
current of 3 amperes. The gas somples shawed thint
the amomnts of CO and O, were in approximate
agreement with the percentage af decomposition
which might be expected at the probable tempern-
ture attained in the ore, bt this temperatwre conld
not he determined exactly,

A furace is naw being construeted in which
temperatures ¢ he meosured, This funmee will
have a 3-inch-dimmeter gas-air lame which con be
enriched with oxvgen, Two inethods fur deenmpaos-
ing the gas somples are being stndied. By one
methal, a corhan tnhe containing the gas ta be
decimpaosed thermally will be heated ond its tem-
pesature determined by an aptical pyrameter; by
the other wethad, the carbon tuhe will be heated by
passing, electricity thrangh it, In conjimetion with
th's experimentol work, the availability of timgsten
and malvhdemmn as substitnte  tube-materials s
being investigated,

METALLURGICAL STUDIES

In general the metallurgical pragram covers

experimentnl investigation of heat-resistont mate-
rials for nse os Intter valves, Thee most important
metalhirgical prapenty for this application is the
futigne life af the metal at elevoted temperatires,
Other praperties sueh as strength, vibration and
shiek resistanee, mud eorrosion and erosion charae-
teristies at clevated temperatnres are alsa inportant
and will he investigated, Fuindamental data will he
estalilished ta explain the high-temperatore charac-
teristies of the alloys, This will he aecomplished by
weans of high temperatore metallography: and Xeray

dillraction methods. The final phase of the material
investigation will be the formnlation and develop-
ment of new ollovs snitahle for use at the high
tenmiperatures necessary in the aperation af pulse
jets and partienlarly applicable to Intter valves and
their apen: . It is helieved that this finol plase
of the work can only be approaehed by first com-
pleting the high-temperatnre metallnrgical investi-
giticn now heing dave,

A literature survey in hightemperature metal-
lngraphy wus made aud a bibliography prepared,
The literatnre deseribes pnceedures for the observa-
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tion of specimens, heated in vacuo and in contralled
atmosphere, at magnifications of 200X and at
temperatures np to 1,200°C,

The conditions ymder which the valve material
must operate in the pulse jet have been investigated.
An experimental program for evalnating suitable
valve material in terms of vibration life verss
temperature hus been sturted. A new type of fatigne-
testing machine is heing considered for nse, 1t
aperates an the pnenmatiz resanant principle and
woulkl be used ta vibrate specimens at their intural
frequency while at clevated temperatores,

A high-temperatare metaloscope is being devel-

oped for the metallagraphic study of metals nmuder
vibration and fatigae. The two main parts of such a
metaloscope are the aptical system and the furmace
nsed for holding the specimen, The details of the
propused metaloscope are given in Figure 10,

The principle of heating a metallic specimen or
object by means of an indnced  high-frequency
clectromagnetic fiekd will be investigated as a pos-
sihle heat source for the praposced high-temperatire
metalbscape. A Toeea Jr. 15 kw. indnetiom-harden-
ing machine will he used both fur the investigation
of temperatore of the specimen versns time and for
the temperature of the specimen and the surround-

25X EYEPIECE
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ing medium. Specimens will be approximately %-
inch in diameter and the diavwter and length of
the specimen will be apal. Design of the fumuace
will be snch that a vacmmm ean be autintaimel

d the s A quartz window will also
be incarporated above the specimens so that the
aptical system now heing developed may be nsed
fur metallographic abservation during heating,

INSTRUMENTATION

A mathematical investigation wns undertuken to
deternine the frequency response reguived frane a
pressure picknp in urder ta ohtain satisfuctory
recurds. The theoretical pressare ratio as finctiog
nf evele time, phtained by | Ko L. MaeDonald,®
formed the basis of the calenlatinms, 1t is shawn as
the ilotted line in Figore 11 This evelr wis analyzed

The fact that r must he less than 0.5 is not important
sinee £, representing the inactive fractinn of the
evele, will wlwayvs be smaller than 0.5,
Consequently the conclosion was stuted that a
satisfactory pressine pickup shimld bave nniform

I

5 L
T

Fignee 11 Pworeticul prressnre evele of o prlse jet,

by a Fourivr serics, and the salid line gives the
result np ta the fifth larmonie of the cvele fre-
gueney. 1t is seen thut the difference hetween the
twn curves is guite small. It was alsn uecessary to
stndy the cffeet of that part of the rvele where the
pressure ratio is (lssvutin“y nnity, since the Il'llgﬂl
of this might canse ather lurmonies ta beeome
preduminaut. For this purpose the evele was still
wmore idealized as shown in Fignre 12, A Fonrier
amalysis of this evele with ¥ us parameter gave the
ritio hetween the amplitndie of the B-th burmmiie
wiel that af the first, It is shown far the first nine
harmonics w Figonre 130 Tt is seen that if rois less
than 4.5, the amptlitade of all hanmonies higher thau
the sixth is less than 3 per cent of that of the first,

* A Gas Dyiamteal Fumnlation for Wines and Combwis-
tion in Pulse Joets”™ AMCG NYU Noo 151, Juee 1946,

tienal pulse jets and need vot apply to other experi-
ments where rupid pressure variations ocenr.

Instrwmentution in canuection with the problem
of gas-sanpling was deseribed 1mder Comlimstion
Studics.

A N
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Figare 12, 1dealized presire cyele of a pnlse jot,
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An k tation M g was held in Buffalo
on \mmberﬁhundwasattmdedbvn-[mmnu—
tives from the Aeromautical t-
ment of Princeton University, the Institute of Mathe-
matics and  Mechanics of New York Uhniversity,
Enginwering Research Associates. and Cornell Arres-
mautical Laboratory.

Informally dmcdmmw
Jems esxvutered in connection with Project SOV D
for the of p temperiture, theut,
Ao, Same vebocity, turtpdence und
devaity. 22wl gassamping. The &sanwn sharwer]
thut raot of e Dotrmmentatiom questins @il
Tegere mhiee Deestgwton ol mar fom s
Teecanch paviiesss of thesw owwn 8 was w
wn&mwm&rwmmw
Toesaiiatronn, sdvndd T onude to e SQUTD Tertng
casl Comumitee.

. A Sympesiom on Profest SOV swmibd e
telst. This shumslet sust e pestrbetod 10 instyimmenin -
tiem only Dot shonbed inuducde ofl phases. 10 iv 1w
addvivabibe 119 huavee this mesting s w6 memt of Hw
Tnbwswatowios arec omly gpating stustonl . A el deeduion
fiw thds sympuwiion will e gemtpemed il e
prodiminary report on the stivition of B variin
Lalwwatowtos wesmnos availubior. Voguwats nen digrotly
comemssodd with the pripet Wﬂ‘ﬂ b iyt tn
ropart i speeisl spwstioms o pm»Mn [Ty

2. Fiblerirng ther symgyrinmn A is siggpdsn thiv
 lonabosf hondbowk 1 inspnmertntion fue ppr:
s 10 ol in crmmgies i why M tygws 14

savart i Prsprs o, r
psnu & hewdd copiny hia fintd "VM » m«
sbawve Absesansivass. 8 sainans ebryteptive rspAAd pammpaw
rocnpmudaliny lam wlortas spnflasae ond jp s wiy
S Sspetastlc cranld o T e P

> Ve e gy s f—vgw 5y by i
A st wioua. ot L4

el

aheg iy ’
T :

mt--—t - Weetrs 1§ g n’:qt\‘q:

[SRTe E 2 JTC N

-l

8
e dlaa e T

T

Lot T e W Vg le "-‘i-‘nﬂ-hm o

#»f LS ;_ Rt "’w‘







TOM FORI6S (13 12 47) . ATl Lois
Cornell iiesesrcit |DIVISION: Power Plants, dJet and Turbine (5) - [GRIG. AGENCY NUMOER
Foundation, Inc. SECTION: Combustien (&) b8 Sa=. E/1-1-L7
CROSS REFERENCES: Engines, fulse jet - Combusticn cycle o
(33965); Induction systems - Diffusors (51651); Com= REVISION
AUTHOR(S) sustion chambers - Turbulence (23922)

AMER. TITLE: SIUID ~ Program oI rundamental researcnh on 1iquid rocket and puise jet propul-
sion... >
on e’ Some o AV 3YA70, Y758 70573

ORIGINATING AGENCY: Comnell Hes. Foundaticn, Inc., Comell aercnautical Lab., Duffale, ?
TRANSLATION:

COUNIRY | LANGUAGE [FORG'NCLASS] U. SCIASS'| DATE [raGEs] ius FEATURES

v.S. EngT 1 Unclass . Jun'l.ﬂl 13 | 13 jphotos, diagrs, gragns

AQSYRACY

Theoretical investigution of pulsejet revealed that shortening a ccembustion time wculd
result in better performance, Two—dimen:icnal diffuser moiels were wind-tunnel tested at
lach number 1.7. Schlieren photographs were taken of sncck pattern. Cembusticn chamber
mas built to determine ef:ect of turbulence under cecntrolled conditions of temperature,
ajr/fuel ratio, and pressure. Proposed high-terperature metaloscope {'cr study of metals
.under vibratirn and fatigue was discussed. Furtner research program was outlined.
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ABSTRACT:
A preliminary summary Is given concerning the fundamental research regarding liquid rochet aed gulcejet
propulslon. An attempt 1s being made to study the mechanism of a pulsejet by means of an amalogons phyoi-
can phenomena.” As a result of a theoretical jnvestigation of the pulsejet en@ne it cas coacheded tint obort-
ening of the combustion time vould considerably improve perior: sicml diffuger models
have been tested in the wind tunnel at a Mach bzr of 1.7 ard schl mmmkammmd:oﬂ
the shock pattern. Investigation bas been started to dzterminz the influence of differer? parometeoro affoct-
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ABSTRACT:

A summary {s given on work done on Project Squid since the beginning of the program. The work has

tigations were to be conducted on flows and losses in diffuser inlets, diffusers, intake valves, exhaust
ies, and thrust-aug ting ducts for suhsonic and supersonic pulse-jet engines, Studies were to

be made of the theory of combustion, the effect of turbulence on flame propagation and cooling, and exist-

{ng theorles were to Le augmented by of experi tation. Moreover, an experimental investiga-

tion of temperature and fatigue -resistant materials for intake valves and coatings should be made.

This report gives information on the progress achieved sofar in these investigations.
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been carried out under three phase assignments. Under this program, theoretical and wind tannel inves- |
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